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(54) Method and arrangement for electromagnetically shielding an electronic means 



(57) The invention relates to a method and an ar- 
rangement for shielding an electronic means (40, 41) 
against external electromagnetic interference on one 
hand, and preventing the electronic means from inter- 
fering with closeby electric devices on the other hand. 
According to the invention, a shielding film (42, 43) with 
one or more layers is formed comprising one or more 
intrinsically conductive polymer films (43) and one or 
more insulating films (42). The shielding film (42, 43) so 



formed is attached to the surface of the electronic 
means (40, 41) using a heat treatment or a vacuum 
treatment or the combination of the two and, if neces- 
sary, a separate layer of glue. The invention also relates 
to a method for electrically connecting (44, 45, 46, 47) 
the intrinsic polymer layer (43) reliably to the electronic 
means (40, 41 ). The invention further relates to a meth- 
od for using the electromagnetic shield to form capaci- 
tors and resistors tor the electronic means. 
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Description 

The invention relates to a method for shielding an 
electronic means against external electromagnetic radi- 
ation on one hand, and preventing the electromagnetic 
radiation of the electronic means from interfering with 
closeby apparatuses on the other hand. The electronic 
means may be an electronic apparatus, for example, or 
a unit, such as a printed circuit board assembly, in an 
electronic apparatus. 

Electromagnetic interference (EMI) shielding of 
electric equipment is traditionally based on the use of 
either metal equipment cases or plastic cases coated 
with a metal layer. In addition, methods are known for 
manufacturing cases of a conductive plastic composite 
where conductive particles, such as carbon black, car- 
bon fibres, metal fibres or metal flakes are mixed with 
the insulating plastic. 

Disadvantages of a metal case include its weight 
and the high price caused by numerous machining 
steps. Also the coating of a plastic case with a metal 
layer includes many steps and is therefore uneconomic. 
The disadvantage of methods based on conductive 
plastic composites is uneven distribution of conductive 
particles which leaves unshielded spots in the case. Fur- 
thermore: in all the above methods it is difficult to make 
the EMI shielding tight because of holes and joints in the 
case. 

At the printed circuit board (PCB) level, the EMI 
shielding is usually realised by a multilayer PCB (inter- 
nal ground layers) or by a polymer composite containing 
conductive metal particles and spread by means of silk 
screen printing. Reference [1] discloses such a method 
based on a polymer composite which . however, is re- 
stricted only to shield wirings on a PCB. Since compo- 
nents and their coupling areas constitute a great part of 
the area of an electronic means, the shielding provided 
by this method is insufficient. Nor does a multilayer PCB 
shield the whole electronic means and the surface- 
mounted or other components on it. 

Reference [2] discloses a method in which a non- 
conductive substrate material is coated using a chemi- 
cal copper plating method. In the method, the part to be 
coated is submerged in a chemical bath, so usually the 
method cannot be applied to an electronic means be- 
cause it might cause damage to the components and 
because the metal coating might cause a short circuit. 

Reference [3] discloses a method in which the con- 
ductive shell.(metal. for example) of a component is cou- 
pled to the ground plane of the equipment case. Then, 
separate shielding cases must be provided for the com- 
ponents and : in addition, the inner surface of the equip- 
ment case must be provided with a conductive layer. 
The extra cost of this method caused by the many steps 
is too high for the manufacturing of most electronic de- 
vices. 

In addition, a method is known from reference [4], 
wherein conductive polyaniline is used to absorb elec- 



tromagnetic radiation. The absorber can be used for 
electromagnetic absorption in the IR, visible light, UV, 
radar or microwave range. However, said patent docu- 
ment discloses no technical implementation for the EMI 

5 shielding of an electronic means. 

An object of the invention is to eliminate the disad- 
vantages of known EMI shielding methods by providing 
a new kind of method for the EMI shielding of an elec- 
tronic means. In the method according to the invention, 

10 electromagnetic shielding is produced using a conduc- 
tive film material placed near the surface of an electronic 
means. The conductive film is isolated from the elec- 
tronic means by an insulator film. By using e.g. an in- 
trinsically conductive polymer (ICP) such as polyaniline 

is according to the invention, known solutions and meth- 
ods can be implemented more advantageously and 
near to the surface of the electronic means. The method 
is not only an economic but also a quick way of shielding 
an electronic means. The method is also suitable for an 

20 electronic assembly where the coupling regions of com- 
ponents are unshielded because the insulator film pre- 
vents short-circuits. Another object of the invention is to 
provide a method for electrically connecting a conduc- 
tive film material to an electronic means, advantageous- 

25 |y to its ground potential. The inventive solution can also 
be used for forming capacitors and resistors for the cir- 
cuits of electronic means. 

The method according to the invention is character- 
ized in that said electronic means is coated with an elec- 

30 trically insulating material and said insulating material is 
coated with an electrically conductive material. The ar- 
rangement according to the invention is characterized 
in that it comprises at least one electrically conductive 
film to shield against electromagnetic radiation and at 

35 least one electrically insulating film to insulate said elec- 
trically conductive film from electrically conductive parts 
in the electronic means. 

The invention is described with reference to the ac- 
companying drawing, where 

40 

Fig. 1 shows in flow chart format the manufacturing 
steps of a shielding method according to the inven- 
tion, 

45 Fig. 2 shows the shielding films after the manufac- 
turing steps according to Fig. 1 , 

Fig. 3 is a cross section of a shielding arrangement 
according to the invention for a printed circuit board 
50 assembly and 

Fig. 4 is a cross section of conductive film grounding 
arrangements according to the invention. 

55 Fig. 5 is a cross section of a shielding arrangement 
according to the invention where the shield is also 
used for forming a capacitor and a resistor. 
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We will next discuss the EMI shielding characteris- 
tics of the conductive film used in the invention in order 
to illustrate the operating principles of the invention. 
Then we will disclose in more detail a shielding method 
according to the invention by means of Figs. 1 and 2, s 
and a shielding arrangement according to the invention 
by means of Fig. 3. Finally, we will disclose an imple- 
mentation according to the invention to ground an EMI 
shield, referring to Fig. 4. 

The EMI shielding capability of an intrinsically con- 
ductive polymer film and other films made of a conduc- 
tive material is based on the fact that electromagnetic 
radiation is reflected from a conductive surface while the 
proportion of absorption losses and losses caused by 
multiple reflections within the material is small. The most 
significant parameters in estimating the shielding capa- 
bility are the conductivity o and thickness d of the con- 
ductive coating, frequency f of the interfering radiation, 
and the distance r between the interfering source and 
the shielding layer which determines whether we are 
dealing with a near field or with a far field. One quantity 
that is frequently used in estimating the shielding capa- 
bility in a far field is the depth of penetration 5, which 
describes the distance in the shielding layer in which the 
intensity of interfering electromagnetic radiation is atten- 
uated to the 1 /e ,h part of the original value . The shielding 
effect is discussed in further detail in document [6] which 
contains the formula 

5= t4= (1) 

according to which the depth of penetration depends on 
the conductivity a of the material permeability u, and ra- 
diation frequency f. The shielding material is deemed 
electrically thin if d«8, and electrically thick if d»8. 
Conductivities of conductive polymers vary in the range 
of 1 to 100 S/cm, which means that 5>159 jam when the 
frequency is in the range of 1 0 MHz to 1 GHz, and thus, 
e.g. centrifugally spread conductive polymer films are 
clearly thin. 

A formula [6] has been proven for reflection losses 
R e in an electric near field: 

R e = 322 + I0tog^- dB, (2) 
r * U r 

where o r is the conductivity scaled with respect to cop- 
per, r is the distance from the interfering source, f is the 
frequency and u. r is the relative permeability. According 
to the formula, reflection increases as conductivity is in- 
creased and decreases as frequency and distance are 
increased. The short distance between the conductive 
layer and the interfering source, which is characteristic 
of the method according to the invention, is a significant 
advantage in the attenuation of interference caused by 



an electronic means. 

In the method and arrangement according to the in- 
vention, the conductive film is advantageously made of 
an intrinsically conductive polymer. The basic method 
to make the polymer conductive is similar to that used 
for traditional semiconductors: i.e. doping. The impurity 
molecules or atoms added to the polymer enable hole 
conduction or electron conduction. 

The impurity ion attached to the polymer chain in 
the doping process causes a little but significant change 
in the relationship between the polymer chain atoms. 
This change facilitates the generation of different types 
of defects for example solitons, polarons and bipolarons 
and they are formed near the impurity ions. So, the dop- 
ing mechanisms for traditional semiconductors and for 
conductive polymers on the other hand are clearly dif- 
ferent in that in the case of conductive polymers the im- 
purity molecules never replace the atoms in the polymer 
chain like in the case of silicon doping, for example, but 
bound adjacent to the chains they act as donors or ac- 
ceptors of electrons. 

The most extensively studied conductive polymer 
materials have been polyacetylene, polytiophene, 
polypyrrole, polyparaphenylene, polyaniline and their 
modifications. Polyaniline is of special interest because 
it has good stability characteristics combined to a rela- 
tively high conductivity level. Polyaniline can also be so- 
lution processed in conductive state without substantial- 
ly changing the structure and conduction capability of 
the polymer. Polyaniline is further discussed in refer- 
ence [5]. 

The conductive polymer film used in connection 
with the method according to the invention may be e.g. 

polyaniline which is doped through protonation us- 
ing a functional proton ic acid, such as dodecyl ben- 
zene sulphonic acid (DBSA) or camphor sulphonic 
acid (CSA), thereby improving the solubility of the 
conductive polymer in some organic solvents (e.g. 
PANI/CSA dissolves in m-cresol), and in the case 
of PANI/DBSA it is possible to make conductive 
blends in which polyaniline is the conductive con- 
stituent, 

solution-mouldable polyalkyltiophene which is post- 
doped or 

polypyrrole manufactured through chemical polym- 
erization. 

The insulating film used in the method according to 
the invention advantageously meets the following re- 
quirements: 

the insulating film together with the conductive pol- 
ymer film layer is topographically moulded on the 
surface of the electronic means, 
the insulating film is a good electrical insulator, 
the insulating film has a good solvent resistance if 
the conductive polymer solution is spread on the 
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surface of the insulating film, 
the conductive polymer adheres well to the insulat- 
ing film, and 

the insulating film stands manufacturing and cou- 
pling stages and retains its characteristics in the op- 
erating conditions of the electronic means. 

In practice, the thickness of the insulating film may 
be about 20 to 300 jam, but to make the handling of the 
film easier the thickness is advantageously 50 to 150 
urn. 

Insulating film materials that meet the above re- 
quirements include polycarbonate (manufactured by 
BAYER/Makrofol), polyurethane Walopur® (manufac- 
tured by Wolff Walsrode AG) and polyvinyl fluoride Ted- 
lar® (manufactured by Du Pont). 

Fig. 1 illustrates a method according to the invention 
for implementing EMI shielding. The conductive layer in 
the conductive polymer/insulating film combination ac- 
cording to the method is a PANI/CSA film manufactured 
by dissolving PANI/CSA in m-cresol. The conductive 
film is produced on top of the insulating film e.g. as fol- 
lows: a drop of liquid conductive material is placed on 
the centre of the insulating film which is rapidly spinned 
whereupon the conductive material is spread by the 
centrifugal force on the surface of the insulating film thus 
forming a conductive material film, block 11 . This meth- 
od is called centrifugal spreading, or spinning. The rev- 
olution speed used in spinning is typically 1000 to 2000 
rpm. The thickness of a spinned PANI/CSA film is ap- 
proximately 1 \im and the conductivity is 100 S/cm. ap- 
proximately. Spraying and dipping are methods suitable 
for large areas and applicable as continuous processes. 
In these methods, a conductive polymer dissolved in a 
suitable solvent, such as m-cresol, is spread on the sur- 
face of the insulating layer. 

The insulating film is advantageously one of the 
flexible plastic films mentioned above having good elec- 
trical insulating properties and at the same time good 
solvent resistance. Alter the formation of the conductive 
polymer layer glue is spread, if necessary, on the sur- 
face of the insulating film to attach the film to the elec- 
tronic means unless the insulating film is already coated 
with glue, block 12. The conductive layer may also be 
under the insulating film so that glue is spread on top of 
it. This structure can be used when the areas to be 
shielded in the electronic means are insulating. The ad- 
vantage of this structure is that the conductive layer is 
protected against the environment. A corresponding 
protection layer can be used in other film combinations, 
too, if necessary. 

The resulting combination of conductive and insu- 
lating film is attached to the electronic means advanta- 
geously using heat and low-pressure treatment, block 
1 3. In the treatment, the film is placed on top of the elec- 
tronic means and heated in order to make it mouldable. 
At the same time, a vacuum is produced below the film, 
whereby the film is pressed against the surface of the 



electronic means and is moulded, where necessary, to 
topographically follow the contours of the surface of the 
electronic means. Due to the simultaneous heat and 
vacuum treatment the film is shaped and attached, by 

5 means of the glue spread on the insulating film, to the 
surface of the electronic means. The glue is advanta- 
geously elastic so that temperature changes will not re- 
sult in tension between the film and the electronic 
means. The insulating film may also be made of plastic 

10 that shrinks when heated, such as polyethene. Such a 
tube-like film is suitable for shielding equipment, con- 
nections and cables in the manner of a shrink sleeve. 

Fig. 2 shows the shielding structure in different 
phases of the method illustrated in Fig. 1. Film 21 con- 

15 sists of an insulating film 20 which has a layer of glue 
24 on its underside. Film 23 includes a conductive film 
22 spread on top of film 21 mentioned above. Finally, 
the resulting film 2B is attached onto the surface of an 
electronic means comprising a printed circuit board 26 

20 and components 27 inserted on the printed circuit board. 
Another conductive film material that can be used 
in the arrangement according to the invention is PANI 
DBSA. PANI DBSA is solidified in about 200 6 C into a 
solid film which can be hot-moulded in about 100 °C so 

25 as to form a combination with an insulating film. This 
method has the advantage that the insulating film need 
not be capable of standing the 200 °C temperature of 
the solidifying process. The thickness of a solidified PA- 
NI. DBSAfilm is -70 urn and conductivity -2 S/cm. The 

30 PANI/DBSA film can also be made of a PANI + DBSA 
blend using extrusion moulding. 

Fig. 3 shows a shielding arrangement according to 
the invention in which a PANI/CSA film 38 has been 
spin-coated on a 100-um polycarbonate film 37. This 

35 two-layer film has been attached onto the surface of an 
electronic means by means of vacuum or heat treatment 
or the combination of the two. Please notice that in order 
to better illustrate the film structures the films in Fig. 3 
are shown thicker than they really are with respect to 

^0 the electronic means and the components inserted in it. 
For the attachment by low-pressure to be successful the 
layers in the film must be capable of moulding them- 
selves according to the surface topography of the device 
shielded. As in the case above, the PANI/CSA insulating 

45 film combination can be attached with a separate layer 
of glue (not shown) to the surface of the electronic 
means. The electronic means shown in Fig. 3 comprises 
a printed circuit board 30 with wired 32 components 31 , 
surface-mounted 34 components 33, and encapsulated 

50 36 components 35. 

The method of the invention can also be used to 
produce a multilayer structure in which the conductive 
polymer and insulating film layers alternate. The advan- 
tage of the multilayer structure is a better shielding effi- 

55 ciency, a limiting factor is possibly poorer mouldability 
as the thickness grows. 

It is conceivable that in addition to the manufactur- 
ing methods described above the film could be placed 
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on the surface of the insulating film by means of silk 
screen printing technology. 

For the conductive polymer layer to serve as an ef- 
fective EMI shield it must be electrically connected to 
the electronic means, advantageously to a constant po- 
tential, such as the ground plane, in the electronic 
means. The most important requirement for a reliable 
electric contact is its ohmic quality, in other words the 
contact resistance must be small in comparison with the 
resistance of the conductive polymer film and the metal- 
polymer junction must not restrict the flow of current. In 
principle, the coupling type is determined on the basis 
of the work functions (<t> m! p p ) of the material used for 
contacting and the conductive polymer film in a manner 
such that metals like aluminium and indium that have a 
small work function (e<j> A , = 4.2 eV, e<}>, n = 4.1 eV) form 
a rectifying contact, and metals like gold (e^ Au = 5.3 e V) 
and graphite (e<J> m = 5.5 eV) that have a high work func- 
tion lorm an ohmic contact usually in a p-type conductive 
polymer film. Metals that have a high work function also 
have the advantage that they are not easily oxidized and 
so the contact is more stable. 

In the implementation method discussed in this in- 
vention the contacting materials are graphite paste and 
silver paint (e$ Ag 4.6 eV) which do not require heat 
treatment in order to dry up and do not contain solvents 
detrimental to the conductive polymer film. 

Fig. 4 shows two embodiments according to the in- 
vention for electrically connecting a conductive polymer 
layer to the ground potential of a printed circuit board 
assembly serving as an electronic means. In the first 
embodiment there is on the surface of a multilayer print- 
ed circuit board 40 a conductor area 44 coupled to the 
ground potential plane in the middle of the multilayer 
printed circuit board by means of a lead-through (not 
shown), for example. When the combination of the in- 
sulating film 42 and conductive film 43 has been at- 
tached to the surface of the printed circuit board assem- 
bly 40, 41 . a hole is made in the films at said conductor 
area by means of a laser, for example. The hole is com- 
pletely or in part filled with a conductive layer 45 con- 
sisting of a drop or sprayed intrinsically conductive pol- 
ymer, a graphite paste or a polymer containing silver. 

In the second embodiment a projection 46, which 
may be a sharp spike, is attached perpendicularly to the 
printed circuit board to the grounding point. As the 
shielding film is attached the spikes penetrate the 
shielding film 42, 43 and extend through the conductive 
polymer film. Then the conductive polymer 43 is electri- 
cally connected by means of a conductive substance 47, 
such as a graphite paste or a polymer containing silver, 
to said spikes at and around the edges of the hole 
formed in the penetration. When using this grounding 
method one must bear in mind that the grounding spikes 
must not penetrate the films during the vacuum treat- 
ment because then the attachment of the film would be 
incomplete. Therefore, with this grounding method it is 
advantageous to use mechanical pressing instead of 



the vacuum treatment to attach the film. 

With the multilayer structure it is advantageous to 
connect all the conductive planes of the structure to the 
ground potential by means of a conductive contact. This 

5 can be arranged using the grounding methods de- 
scribed above in a manner such that the conductive sub- 
stance 45 forms a contact with the edges of the conduc- 
tive planes in the hole. 

Another embodiment of the invention comprises a 

io method where a shielding film is first attached to the sur- 
face of an electronic means using e.g. a method de- 
scribed above and then a conductive film is sprayed on 
the surface or areas where there are holes formed in the 
insulating film for ground connections to the printed cir- 

75 cuit board. 

Fig. 5 shows a cross section of a shielding arrange- 
ment according to the invention where the shield is also 
used for forming a capacitor and a resistor. There is a 
shield with two layers of dielectric insulating film 502, 

20 504 and two layers of conductive film 501 , 503 on a print- 
ed circuit board 500. The conductive films are connect- 
ed electrically to grounding pads 516 and 51 8 with elec- 
trical connections 505 and 515. 

There are two areas that are separated from the 

25 shielding film. The first area consists of insulating film 
areas 507 and 509 and conductive film areas 506, 503. 
The first conductive film area 506 is connected electri- 
cally to a ground contact pad 516 with an electrical con- 
nection 505. The second conductive film area 508 is 

30 connected electrically to a signal pad 517 with an elec- 
trical connection 510. thus the capacitance that is 
formed between the conductive film areas 506 and 508 
forms a capacitor between the ground pad 516 and the 
signal pad 517. The electrical connections between film 

35 areas and pads are preferably made by applying intrin- 
sically conductive polymer to the edges of cut lines or 
holes. The conductive film areas 506 and 508 are 
formed by e.g. laser or acid treatment in such a way that 
there will be no electrical short circuit from a conductive 

40 film area to the opposite electrical connection of the 
formed capacitor. 

The second separated area consists of conductive 
films 511, 512 and insulating films 512, 514. The first 
conductive film area 511 is connected to the signal pad 

45 517 and grounding pad 518 from its ends. Thus there is 
a resistor formed between the two pads. The resistance 
of the resistor can be adjusted to a suitable value by 
forming the conductive film area into a defined pattern 
with laser or acid pen. This is due to the fact that applying 

50 heat and acid to the conductive film reduces or destroys 
its conductivity. The second conductive film area 513 is 
isolated from both electrical contacts, so it does not af- 
fect the resistivity of the resistor. A resistor can thus also 
be made with a shield that has only one conductive film 

55 layer. 

As was stated earlier, the shielding methods ac- 
cording to the invention have several advantages over 
the known methods. The method requires only a few 
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steps and the necessary steps can be made automatic 
so that the costs of shielding remain low. In addition, the 
shielding is tight since the shield is continuous and has 
no holes or openable joints. Furthermore, a thin film 
does not substantially reduce heat conduction from the 
electronic means. 

By means of the manufacturing methods described 
above the shielding film can be made transparent or 
translucent whereby it is possible to see the compo- 
nents of the electronic means and their markings 
through the shielding film. Therefore, the method can 
be applied to electronic means that contain display com- 
ponents such as light-emitting diodes indicating opera- 
tional status, for example. 

The method and arrangement according to the in- 
vention can be advantageously applied to electronic 
means, such as printed circuit board assemblies, where 
the differences in surface height are a few millimetres 
at the most. If the differences in height are considerable, 
the film will stretch at such locations and the shielding 
effect of the film will be reduced. 

The most advantageous EMI shielding method ac- 
cording to the invention is one where the highest oper- 
ating frequencies of the electronic means to be shielded 
are 100 MHz to 1 GHz at the most. Then the film will act 
as an effective EMI shield. 

The invention described above can be advanta- 
geously applied to various electronic means whose 
electromagnetic radiation may interfere with other elec- 
tronic means or whose operation may be disturbed by 
electromagnetic radiation from the environment. Appli- 
cable devices include telecommunication terminals, 
such as mobile stations, and computer equipment and 
measuring instruments. 

Above it was described a few embodiments of the 
method according to the invention. Naturally, the princi- 
ple according to the invention can be modified within the 
scope of the claims e.g. as regards implementation de- 
tails and fields of use. Especially, the values mentioned 
in the descriptions of the embodiments of the invention 
are given as examples only 
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10 Claims 

1 . A method of providing electromagnetic shielding for 
an electronic means (26, 40, 41), characterized in 
that said electronic means is coated with an electri- 

15 cally insulating film (21 , 42) and said electrically in- 
sulatingfilm is coated with an electrically conductive 
- film (22, 43). 

2. The method of claim 1 , characterized in that the 
20 electrically conductive material is made to have 

such a thickness that the shielding effect is substan- 
tially based on reflection. 

3. The method of claim 1 or 2, characterized in that 
25 a liquid conductive material (22) is spread by spin- 
ning, spraying or dipping onto the surface of said 
electrically insulating film (21) in order to produce 
said electrically conductive film. 

30 4. The method of claim 1 , 2 or 3, characterized in that 
said conductive film material (22) is an intrinsic PA- 
NI/CSA polymer film. 

5. The method of claim 1 or 2, characterized in that 
35 a liquid conductive material is solidified into a solid 

conductive film which is attached to an insulating 
film using hot moulding. 

6. The method of claim 5, characterized in that said 
40 conductive film material (43) is an intrinsic PAN I/ 

DBSA polymer film. 

7. The method of any one of the preceding claims, 
characterized in that said insulating film material 

45 (20, 42) is a polycarbonate, polyurethane or polyvi- 
nyl fluoride. 

8. The method of any one of the preceding claims, 
characterized in that to attach said insulating film 

50 (20, 42) to the surface of an electronic device said 
insulating film material is coated with glue, thermally 
treated and vacuum treated. 

9. The method of any one of the preceding claims, 
55 characterized in that said conductive film (43) is 

electrically connected to said electronic means (40 : 
41). 



8. 

50 

9. 

55 
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10. The method of claim 9, characterized in that to 
electrically connect the conductive film (43) to the 
electronic means (40, 41) 

a conductor area (44) is formed on the surface 
of the electronic means, 
a hole is made at said conductor area (44) in 
the shielding film comprising one or more insu- 
lating films (42) and one or more conductive 
films (43), and 

the conductive film or films are connected 
through said hole to the conductor area (44) by 
means of an electrically conductive substance 

(45) . 

1 1 . The method of claim 9, characterized in that to con- 
nect the conductive film to the electronic means (40. 
41) 

the electronic means is provided with an elec- 
trically conductive projection (46) perpendicu- 
lar to the surface of the electronic means, 
said insulating film (42) and conductive film (43) 
are attached to the surface of the electronic 
means in a manner such that said projection 

(46) penetrates said films and 

said projection (46) is connected to the conduc- 
tive film (43) through an electrically conductive 
substance (47). 

12. The method of claim 10 or 11, characterized in that 
said electrically conductive substance (47) is an in- 
trinsically conductive polymer, a graphite paste or a 
polymer containing silver. 

13. An arrangement for electromagnetically shielding 
an electronic means (40, 41), characterized in that 
it comprises at least one electrically conductive film 
(43) to shield against electromagnetic radiation and 
at least one electrically insulating film (42) to insu- 
late said electrically conductive film (43) from the 
electrically conductive parts in the electronic 
means. 



17. The arrangement of claim 16, characterized in that 
said means for the electric connection comprises a 
conductor area (44) on the surface of the electronic 
means, an insulating film (42) and a conductive film 

5 (43) attached to the surface of the electronic means, 
which have a hole at said conductor area (44), and 
a conductive substance (45) which electrically con- 
nects the edge of the hole in the conductive film to 
said conductor area (44). 

10 

18. The arrangement of any one of claims 13 to 17, 
characterized in that the arrangement comprises 
at least two insulator films and at least two conduc- 
tive films which form a layered structure in which 

is said insulator films and said conductive films alter- 
nate. 

19. The arrangement of claim 13, characterized in that 
the arrangement comprises two electrically sepa- 

20 rated areas (506, 507) of conductive film at the op- 
posite surfaces of the insulator film, and said con- 
ductive areas are connected electrically to said 
electronic means to form a capacitor in an electronic 
circuit. 

25 

20. The arrangement of any one of claims 13 to 13, 
characterized in that the arrangement comprises 
an electrically separated area (511) of conductive 
film, and two points of said conductive area are con- 

30 nected electrically to said electronic means to form 
a resistor. 

21 . The use of the method of any one of claims 1 to 1 2 
or the arrangement of any one of claims 1 3 to 20 in 

35 a mobile communication device. 
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14. The arrangement of claim 13, characterized in that *s 
said insulating film (42) is attached to the surface of 
said electronic means and said conductive film (43) 

is attached to the surface of said insulating film (42). 

15. The arrangement of claim 13 or 14, characterized 50 
in that said conductive film (43) is an intrinsically 
conductive polymer film. 

16. The arrangement of any one of claims 13 to 15, 
characterized in that the arrangement comprises ss 
means to electrically connect said conductive film 
(43) to said electronic means (40, 41). 
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Glue is spread on the 
underside of insulating 
film 



Film is attached to 
electronic device 
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